The approach utilized in the design of achromatic periods formed of two layers a high-index and a low-index is developed by combining the first two periods together. These two periods are therefore reduced to three layers a central one, an upper layer and a lower layer. Both the upper and lower layers are matched to the central at two different wavelengths. This forms the so called a combined achromatic period or the basic unit. Multilayers showing low transmittance bands are then synthesized of this basic unit. Parameters used in the synthesis of such multilayers are pointed out and their control role is investigated.
Introduction
Recalling the procedure followed in forming two layer combination [1] [2] [3] which are matched according to the relation
where n H and n L are the refractive indices for the highand low-layers, respectively, and the h are the physical thicknesses. Multilayers systems of N such achromatic periods were formed so that each period matched at specified wavelength λ oN , where N stands for period number. The different wavelengths, at which the different periods are formed, are specified according to the quantity ξ defined as
In the present work equation (1) is modified to [4] 
where and N are real numbers [5] . M Another modification is introduced here in the multilayer synthesis process. In a previous work [2, 3] multilayers of achromatic periods (Equation (1)) were built up by calculating the first achromatic period then subsequent periods were automatically built up by the way of (1) and (2) . In the present work the first achromatic period is calculated by choosing an initial central layer then an upper layer is calculated by matching to this central at the design starting wavelength, by way of (3), then a lower layer is matched to the central at another wavelength. The convention of lower and upper is considered according to positions of substrate and surrounding medium with respect to the first central. Once the above three layers are calculated they are considered as the basic unit. The process of building this basic unit is the same as combining the two middle layers in the first two achromatic periods. Subsequent layers are calculated by considering the lower layer in the basic unit a central for the following layer, in a chained manner, and so on. By this means each layer, except the first and the last layers in whole system, serves as a central layer.
Design
Six quantities are first specified, namely the film materials, starting wavelength, number of layers, design number  , and N . (3) . By way of (2) the second reference Wavelength, after the starting wavelength, is then calculated and then the lower layer by way of (3) is calculated but at the second reference. It is worth mentioning here that the first central layer may be chosen as a low index as well. This will not affect our design approach. This last calculated layer is then considered the central for the subsequent layer, a new reference wavelength, by way of (2), and so on.
Design details are listed in Table 1 and the resulting transmittance spectrum in Figure 1 shows high-transmittance bands alternating with low transmittance bands [6] . The transmittance simulations are performed by means of a program based on an algorithm presented by Liddell [7] . Throughout this paper only the region of spectrum including the central second order low transmittance band approx. 400 nm -900 nm will be considered.
Illustrations
If in the above design all calculations are done by way of (1) instead of (3) ( M =1, N = 1) and ξ also taken as unity the resulting design is listed in Table 2 . Setting all parameters to unity results in the suppression of the central minimum and all even orders (Figure 2 ). Comparing with thicknesses in Table 1 it can be seen that increasing the ratio h L /h H is one way for keeping transmittance minima in place. Another way is assigning ξ values bigger than unity. This is shown in the design listed in Table 3 and the resulting transmittance curve in Figure 3 . Notice the appearance of central minimum but in a de- Table  1 . Increasing the ratio h L /h H is one way for manifesting the second order central minimum in addition to enhancing T% on the short wave side of this central minimum. Table  3 . Increasing ξ is another way for exhibiting the second order central minimum. Figure 4 .
M N
Concerning the transmittance fluctuations on either side [8] [9] [10] [11] of the central minimum it is seen from Figures 1 and 3 that ripple on the short wavelength side is less obvious than that on the long wavelength side. This is another effect of increasing the ratio h L /h H .
If the opposite is done by increasing the ratio h H /h L , ripple on the long wavelength side is greatly improved as shown in Figure 5 . Figure 6 is a further illustration for this last design which is extended to 35 layers as an in- Table  4 . Increasing the ratio h L /h H further results in broadening the central minimum with respect to the spectrum. Figure 6 . Transmittance spectrum for design listed in Table  6 . Increasing no. of layers in the previous design affects the low transmittance bands rather than the high ones.
vestigation for the effect of increasing no. of layers. Although the reflection bands are got more defined the transmittance ones are seriously affected.
Conclusions
A new approach for synthesizing optical multilayer structures is presented. The resulting transmittance spectrum is also studied. The essential modifications to the basic theory introduced effective elements which revealed valuable control on the transmittance spectral characteristics of the variety of systems under study. Those control actions also unveiled useful applications for the systems presented.
